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ABSTRACT 

This study examined the extent to which 10 minutes of 
prior exercise (PE) at a workload adjusted to maintain a heart rat^ 
(HR) of 140 beats per minute could facilitate the mobilization of the 
oxygan transport system in a strenuous criterion task (CT) . The 
control treatment involved completion of the CT following 10 minutes 
of rest on the ergometer. Oxygen uptake was significantly higher 
following PE at every stage except the seconu 30-second period of the 
CT and the 60-second post-CT period. Ventilation was significantly 
higher following PE at every stage except the last 30 seconds of the 
CT and the 60-second post-CT period. HR was significantly higher 
following PE at every stage. Oxygen pulse was significantly higher 
following PE only during the 30-secona pre-CT period and the first 30 
seconds of the CTr indicating that the PE facilitated the 
mobilization of stroke volume (SV) and/or atrioventricular oxygen 
difference. The similar values for oxygen pulse during the last 90 
seconds of the CT indicate that the higher oxygen uptake following PE 
was a function of higher HR, not higher SV or atrioventricular oxygen 
difference. (Author/JA) 
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Abstract 

This study exeaxlned the extent to which 10 mimites of prior 
exercise (PE) at a vorkloed ad^Justed to laaintain a heart rate (HR) 
of ikO bpa could facilitate the mobilization of the O2 transport 
system in a strenuous criterion task (CT). The intcnral between 
the PE and CT was 30 seconds. The CT required the to pedal for 
2 izjioutes at a load of 1632 Kpm/min. The control treatment 
involved completion of the CT following 10 minutes of rest on the 
er^^ometer. Comparisons between treatments were made during the 30 
seconds between PE and CT, for four 30 second periods during the 
CT and for the 60 seconds following the CT. VOg was significantly 
higher following PE at every stage except the second 30 second 
period of the CT and the 60 second post-CT period. Ventilation was 
significantly higher following PE at every stage except the last 30 
seconds of the CT and the 60 second post-CT period. HR was signifi- 
cantly higher following PE at every stage. And O2 pulse was 
significantly higher following PE only during the 30 second pare-CT 
period and the first 30 seconds of the CT, Indicating that the FE 
facilitated the mobilization of stroke volume (SV) and/or A*V 0;^ 
difference. The similar values for 0^ ]>ulse during the last 90 
seconds of the CT Indicate that the higher VO2 following PE was a 
inunction of higher HR, not higher SV or A*V 0^ difference. 
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At the outset of strenuoos exercise^ there is often a 
metubollc danand for 0^ i^ich is greater than the circulorespira-' 
tory system can immediately supply. This oxygen deficit results 
in the utilisation of anaerobic reserves to meet the energy demand 
of the tasK. If the event srequires total utilisaticm of the 
anaerobic resenresi as would any event longer than 6c seconds in 
duration (1, p* 19)^ the amo^t of these reserves depleted in 
meeting the initial deficit might reduce the amount available 
for the rest of the event. ThU8» if an individual mobilizes the 
circulorespiratory system prior to the event, reducing the initial 
time lag and O2 deficit , he mi^^t improve his performance in t^dks 
which exhaust the anaerobic capacity. Support for this line of 
reasoning was produced by Oi Framperot et al. (6)^ who found that 
the adjustments in O2 uptake demanded by heavy exercise were faster 
when the heavy exercise was preceded by ll^t exercise rather than 
rest, with no time elapsing between the li^t and heavy exercise. 
Starting from light exercise also resulted in a lower lactic acid 
concentration in the blood following the heavy exercise. 

Since in competitive situations it is often not practicable 
to pix>gress flrom light to heavy exercise without any int<?rval 
between the two, this study examined the effect of prior exercise 
(PE) on the time course of O2 adjustme^ic to heavy exerciae when 30 



seconds elap^^ed betveen the PE and the heavy work* 

Method 

Subjecta 

The subjects were six male volunteers ranging in age lYom 
22 to 1*5 ^^ith a mean of 30- Their weights ranged from 71 to 86 kg • 
with a mean of 78. 

Apparatus and Tests 

Both the PB and criterion task (CT) were perfoxmed on a 
Monark bicycle ergometer. The pace of pedaling was guided by an 
electronic metronODoe. A micro*switch was mounted so it would be 
tripped vith each pedal revolution and the revolutions were 
counted on an electrocaagnetic counter. 

Heart rate (HR) was obtained t^^ coimting all BCG R waves 
within a 30 second period and eonvex^ing to bpm. !I!he ECG was 
transmitted by radiotelem£.<try (jaaiiokardiogram 100 3peceiver)j^ 
using a V5 lead, recorded on a Sanborn IOC Vise Cardiette and 
displayed on an oscilloscope (Electronics for Medicine). 

Expired air was collected in 60 liter Douglas bags as 
subjects breathed through a low resistance Ctis-^cKerrow valve • 
Air samples were analyzed through a Beclaaan, model ES Og Analyzer 
and a Godart OgKJOg meter. Expired volume was measured by vacuum 
evacuation of the bags through an American gas meter and corrected 
to 8TED- 



Ail testing was conducted in a climate* controlled chamber 
at a temperature of 71 i 2 degree*! F and a relative taunidity of 
62 1 1 x>er cent. Due to an electrical failure in the chamber on 
one day, the temperature was 75 degrees F and the hutaidity unlownra 
for one subject tinder the mobilized condition. 

The criterion task (CT) involved pedaling for tvo minutes 
at a load of l632 ';pm/min. {68 rpm and k kg z^aistance). Pilot 
work indicated that this would be a very heavy load for these 
subjects \fith the conseg:uence that they might not be able to 
maintain the pace for the full two minutes. In tiiat case» they 
were to keep going as fast as they could. !!!he idea was to require 
a constant workloaAi at the beginning so that differences in VO2 
could be attributecl to tlie PE. 

'j)epi^n 

The independent variable v/as presence or absence of EB, 
Bach subject was tested both vith and without PB on different 
days, with the order of the treatments coomterbalancod . 

The depenflent variables were VOgj HB, ventilation (Ve), 
Ve equivalent end O2 pulse. Ihese parameters vejre measured for the 
30 second i>erlod between the JK and the CT, each 30 second period 
of the two minute CT, and for 1 minute following the CT- 

Procedure 

The subject reported to tb« laboratory in shorts and gym 
shoes, the electrodes were attached, the bicycle seat height ^gas 
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adjiisted and he breathed thrcmgh the collection system for 
several mloutes to becone familiarised with it. 

The FE consisted of ten minutes of pedaling at 6o rym with 
the resistance constantly adjust^ed to maintain the HR at lUo \yptAf 
a value that is Indicative of a VOg approximately 50-6o per cent 
of maxlmfll (1, p. 16^). Very little lactate accumulatim would 
be expected during exercise at this intensity (9). The no IB 
treatment consisted of sitting cpiietly on the ergoaeter for ten 
minutes . 

When two miixates remained in the FE or rest perlci, the 
subject began to breathe through the ^s collection system and 
continued to do so throu^aout the rest of the protocol. 

After the EE^ the subject rested on the ergometer for 30 
seccmds and was then given a go signal to bogin the CT. Ge.s was 
collected in 3C second periods during the rest interval and CT 
aal a one minute bag was collected after the CT. HR counted 
over the same stages and all measures were converted to minute 
values . 

Results 

A technical error in tha gas collection procedure resulted 
in missing values for VO^t Ve aiki O^^ pxilse for one subject during 
stage h under the FE treatment. The missing values vere eatlaated 
by the method described by Cox {k^ p. 30) before proceeding with 
the analyses. Attests for paired comparison and the level 
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were \xsed In determining the significadce of mean differences, 

PlBure 1 shows the stage by stage coaoges la VOg uader the 
two FE conditions. VD^ was significantly higher under the H5 
condition at every stage except the second 30 second period of the 
CT and the 60 second recovery period. Therefore > a clear cut 
mobilization effect was displayed as a result of the FE* Further- 
more, the significant difference oeti/een the treatnients during the 
last stages of the CT indicates that the VOg vhen starting cold 
did not fully catch up even after 90 seconds of exercise. Since 
the work done under the two condltiona ^^as almost identical (the 
mean difference was one revolution)^ niore of the anaex^blc reserves 
nmst have been utlli;:ed when starting in the cold condition. An 
estimate of the extent to which the PE reduced the initial O2 
deficit was made by assuming that the task was maximal or supra- 
maximal aivl that after the PE, the subjects were approaching 
maxixmim VO2 values to-^nird the end of the CT. 7\ strand and Saltin 
(2) have sliown that a supra^aaximl load can elicit close to maxi-* 
msi levels of VO^ in t\fo minutes . Then the peai*. valua was extended 
back to the start of the CT and the 0^ cieflcits urAw the two 
conditions calculated and compared. Whea this was done, the O2 
deficit was 30. 60 ml/k£ after PE and ii6.67 ml/kg without IB, a 
difference of ?6,27 ml/lcg. Thus, the 0^ deficit was 86 per cent 
higher when starting cold than when starting partially mobilized. 
Of course, since no clear-^cut plateau in VO^ was attained, these 
0^ deficits are merely rough estimates. 
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Figure 2 shavd Vo uAder the tvo conditions. Ttie analysis 
revealed that Ve was significantly higher roUoving SB at every 
stage of the CT except the last 30 secozKls and the 6o second 
post-exercise period. 

Figure 3 shovs the stage by stage changes in HR under the 
tvo conditions* A very similar pattern to that seen lur VCg and 
Ve l8 apparent with the exception that the HR under the FE condl«* 
tion was significantly higher at every sta^e of the CT as veil as 
during the one minute post-exercise period. 

The natrure of the znobili^ation effect was examined further 
by analysis of the O2 pulse as shovn in Figure k . Only during the 

second rest interval asad the first 50 seconds of the CT vere 
the differences significant* The higher 0^ pulse at the first 
stage of the CT implies that HR did not completely account for the 
mobilization effect of the IE. Some contribution must be attri- 
buted to strok.e vol\ime (SV) and/or the A-V O2 difference. Since 
SV ordinarily approaches ^^iimm in bicycle exercise at a HS of 
UO-120 bpm (1, p. l61^), it is likely that after PS the subjects 
^./ere vorkLlng at close to mxlmua sV at the very beginning of the 
CT« On the other hand, when starting cold, the HR over the entire 
first 30 seconds of the GT was 129 bpia< Since it jmB rising 
rapidly dtiring this period » it Is likely that for part of the 
period I the SV had not approached laaxintal values^ thereb;y account- 
ing to sane extent for the lovrer 0^ pulae. It la not possible 
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from this study to detemlxie the extent to which shunting of blood 
and other factors which might contribute to an increase in A«V 
difference were involved in the mobili^-ation effect. In any case^ 
the fact that 0^ pulse was sixailar \inder the two conditions during 
the last three stages of the CT indicates 'that the contribution 
of SV and A«v O2 difference was lost after the first 30 seconds of 
the CT. From then on, the higher VO2 ^uider the PE condition was 
related to the higher HR« 

Ihe Ve eq:uivalents under the two conditions were signifi^ 
cantly different only during the 30 seconds imaediately prior to 
the CT. Since it was higher in the no FE condition, it appears 
that there was a pre-exercise anticipatory increase in Ve without 
a coasoensurate increase in VO2- The similar Ve equivalents 
throughout th^ CT imply that the FE had no clear-cut effect on the 
efficiency of respiration. 

Discussion 

The results of this study agree with those of a recent study 
by Harmiston and 0*Brien (8)» who used a one mixmte rest interval 
between the FB and CT. The results also support the practices of 
those who utili£:e fs to shorten the adjustment period to exercise 
(2, 5, 7). For example, Astrand and Saltin (2) found that after 
ten minutes of PE at approximately ^0 per cent of maoc VOg, subjects 
could reach peak VO2 in approximately two minutiae of very heavy 
work. In this studjf , the VCg during the last 30 seconds of the CT 
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was not significantly higher than that during the third stage of 
the CT in either the FE or no PS condition. Ibis leveling does 
lisply that peak values were being approached. The f)Btct that PB 
is clearly capable of reducing the initial Og deficit would explain 
the results of Sucec (10)9 who found that a ten niimite period of 
FSj) followed by a 30 secoad rest period before the CT| iinprovsd 
perfomance on a ten alnute endurance event. 

Since O2 pulse tinder the two coaditlona \rs^» very sioiilar 
diuring the latter stages of the CT| it appears that this higher 
peak VO2 a result of higher HH rather than greater SV or A-V Og 
difference* The fact that O2 pulse was similar after only 30 
seconds of the CT also weakens the hypothesis that the core temoera* 
ture increases elicited by the >;ind of FB used in this study 
(approximately .2 degx^ees tmpublished cEata) can markedly 
increase the speed and emcunt of dissociation ftm heaoioglobln (3)- 
For if this were so, thin the A-V difference and, as a result, 
the O2 pulse \fould have been greater in the FE condition throug^iout 
the CT. 

In summary, ten minutes of FE at a HR of approxloiately iho 
bpm followed after 30 seconds rest by a two loinute heavy work task 
produced & moolll^ation effect which reduced the initial deilci'S 
and enabled the dub;}ect8 to achieve a higher peak VO^. During the 
first stage of the task> the Mjgher VOg was a x^sult of a higher HR 
as 'vc?ll a& a .jrttter SV and/or A -V Op difference* T3ie greater peak 
VO2 vas related to the higher maxlomm HR elicited following fS* 
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Figure 3. 

IIR (tprn) over t>j.'! stc?.;3e3 of tli- '.--n-irir'.ental 
Legend is the so:^^e as ir.- Fi^xu-'o 1^ ■ 
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